INTRODUCTION
============

Pancreatic fluid collections (PFCs) may result from pancreatic trauma, acute and chronic pancreatitis, and pancreatic surgery \[[@b1-ce-2019-113],[@b2-ce-2019-113]\]. Based on the 2008 revised Atlanta International Symposium on Acute Pancreatitis, PFCs are characterized as acute peri-PFCs, acute necrotic collections (ANCs), pancreatic pseudocysts (PPs), and walled-off pancreatic necrosis (WOPN) \[[@b2-ce-2019-113]-[@b4-ce-2019-113]\]. This classification distinguishes PFCs to guide their management. PPs are encapsulated collections of amylase-rich fluid with a well-defined inflammatory wall but no necrotic material that usually result from acute peri-PFCs after 4 weeks, while WOPN is a mature, encapsulated collection of pancreatic and/or peripancreatic necrosis that usually occur 4 weeks after an acute episode of necrotizing pancreatitis \[[@b2-ce-2019-113]\]. These collections differ from acute peri-PFCs and ANCs, which are considered poorly organized fluid collections (POFCs) and might resolve with conservative management.5 The diagnosis is currently made by imaging modalities such as computed tomography (CT), magnetic resonance imaging (MRI) \[[@b6-ce-2019-113]\], or endoscopic ultrasonography (EUS) \[[@b7-ce-2019-113]\].

Indications for and the timing of drainage of PFCs have been controversial in recent years \[[@b8-ce-2019-113],[@b9-ce-2019-113]\]. Most POFCs resolve spontaneously without intervention. However, PPs and WOPN usually require intervention, and drainage is required if cause symptoms such as pain, infection, or gastric or biliary obstruction. Historically, surgery has been the primary drainage method. However, with recent advances in therapeutic EUS, endoscopic approaches to drainage have become the preferable approach, with fewer adverse events, shorter hospital stays, and similar efficacy \[[@b10-ce-2019-113]-[@b13-ce-2019-113]\].

Pancreatic duct (PD) disruption has been associated with an increased risk of recurrence of PFCs, decreased rate of PFC resolution after drainage, and recurrent pancreatitis \[[@b3-ce-2019-113],[@b14-ce-2019-113]-[@b19-ce-2019-113]\]. Identifying a PD injury via secretin-magnetic resonance cholangiopancreatography (MRCP) or endoscopic retrograde cholangiopancreatography (ERCP) is important for treatment success. Finally, the use of early nutritional support has also been part of the management of acute pancreatitis. Its benefits have been also evaluated extensively in the treatment of severe pancreatitis and PFCs with supporting results \[[@b3-ce-2019-113],[@b20-ce-2019-113]\].

At our institution, patients with necrotizing pancreatitis are treated with a dedicated algorithm combining early enteral feeding, endoscopic drainage of PP and WOPN with endoscopic necrosectomy as needed, and PD stenting in cases of suspected PD leak or injury. We aimed to assess the efficacy and safety of this algorithm for managing pancreatitis with PFCs.

MATERIALS AND METHODS
=====================

Consecutive patients who presented with acute pancreatitis complicated by the development of symptomatic PFCs between September 2011 and October 2017 were prospectively enrolled in a dedicated registry on November 8, 2011, (ClinicalTrials.gov identifier: NCT01522573) and managed according to the proposed algorithm ([Fig. 1](#f1-ce-2019-113){ref-type="fig"}). All PFCs were classified as POFCs, PPs, or WOPN. We incorporated all acute peri-PFCs and ANCs into the POFC category.

Procedure
---------

All PPs and WOPN underwent EUS-guided drainage with stent placement. In WOPN, a lumen-apposing metal stent (LAMS) or large-diameter covered esophageal metal stent (FCEMS) was placed to permit direct endoscopic necrosectomy (DEN). LAMSs (Axios; Boston Scientific, Natick, MA, USA) were 10, 15, or 20 mm in diameter. Fully covered self-expanding metal stents (FCSEMS; Taewoong, Gimpo, Korea) were 18- or 20 mm in diameter and 60 mm in length. Using EUS, the collection was punctured with a 19-gauge fine needle aspiration (FNA) needle through the gastric or duodenal wall. A guidewire was advanced through the FNA needle, and the tip was coiled deeply into the collection under EUS and fluoroscopic guidance. The FNA needle was then retracted from the puncture site, leaving the wire in position. The cystenterotomy tract was then created using cautery-enhanced LAMS or a 10-Fr cystotome (Wilson Cook, Winston-Salem, NC, USA). Subsequently, an FCEMS or LAMS was placed to allow mechanical debridement of the necrotic tissue under direct endoscopy-guided visualization. In all DEN cases, hydrogen peroxide in a 1:5 dilution with normal saline was used to help dissolve the necrotic debris, dislodge the necrotic tissue, and extract the debris. The procedure was performed in multiple sessions until all necrotic debris was completely removed as assessed endoscopically and/or by supporting cross-sectional imaging showing resolution of the PFC.

Early enteral nutrition via a nasojejunal feeding tube or a percutaneous gastrojejunostomy tube was initiated in all cases of PFCs with severe pancreatitis. Severe pancreatitis was defined by the CT severity index \[[@b20-ce-2019-113]\]. No patients required total parenteral nutrition (TPN).

ERCP with pancreatic cannulation was performed in patients with clinically suspected PD injury prior to drainage of the PFCs. Pancreatic sphincterotomy with the placement of a PD stent was performed in patients with PD strictures or disruption. A biliary sphincterotomy was offered to patients with gallstone pancreatitis.

Definitions
-----------

The primary outcome was clinical success defined as a decrease in PFC size by ≥50% of maximal diameter or to ≤2 cm together with resolution of symptoms. The secondary outcome was the complete resolution of PFCs, defined as no imaging or endoscopic evidence of residual or recurrent PFCs together with symptom resolution after stent removal over the follow-up period. Adverse events were defined as bleeding requiring transfusion, percutaneous embolization, or repeat endoscopic intervention, postoperative infection, bowel ischemia, or perforation requiring surgical intervention.

Follow-up
---------

Follow-up was performed on a monthly basis with cross-sectional imaging until clinical success was achieved, at which point the cystenterotomy stent was removed. The evaluation of continued resolution or recurrence of the PFC was documented by cross-sectional imaging CT or MRI until up to 6 months post-stent removal.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS 15.0 statistics software (SPSS Inc., Chicago, IL, USA). A *t*-test for two dependent means and further logistical regression analysis were performed to assess for independent predictors of the resolution of PFC.

RESULTS
=======

A total of 108 consecutive patients with acute pancreatitis who developed symptomatic PFCs were entered into a dedicated prospective database ([Table 1](#t1-ce-2019-113){ref-type="table"}). The mean age of the cohort was 51.8 (standard deviation \[SD\], 16.3) years; 61 subjects were male (61%). The etiology of pancreatitis was gallstone-related (*n*=42 \[38%\]), alcohol-related (*n*=19 \[17.5%\]), post-surgical (*n*=13 \[12%\]), pancreas divisum (*n*=6 \[5.5%\]), hypertriglyceridemia (*n*=5 \[5%\]), post-ERCP pancreatitis (*n*=7 \[6.5%\]), idiopathic (*n*=5 \[5%\]), and other (*n*=11 \[10%\]; autoimmune pancreatitis, medication-induced, hereditary pancreatitis, traumatic or pancreatic cancer induced) ([Table 1](#t1-ce-2019-113){ref-type="table"}). Of the 108 patients with PFCs, 13 (12%) had POFCs, 43 (40%) had PPs, and 52 (48%) had WOPN. Patients with symptomatic PPs or WOPN (*n*=95), defined as clinical signs of an infected PFC (leukocytosis, fever, sepsis), pain, or early satiety due to gastric compression, underwent endoscopic drainage. Drainage was performed using LAMS (55), FCSEMS (34), or plastic (5). The stent choice was dependent on the complexity of the fluid collection as well as stent availability (LAMS became available at our institution in 2014, at which time it was the preferred stent of choice for complex fluid collection until FCSEMS were used). The majority of patients underwent transgastric drainage (*n*=87 \[80.5%\]). Drainage location was chosen based on the optimal location for EUS-guided drainage. Nine patients required percutaneous drainage of the pelvic collections. All patients with WOPN underwent a mean four sessions (range, 1--16) of DEN. The mean PFC size prior to any treatment was 9.3 (SD, 5.5) cm as determined by cross-sectional imaging, which decreased to mean 0.72 (SD, 1.8) cm post-drainage (*p*\<0.01).

A total of 74 patients (68.5%) underwent a concurrent ERCP for the evaluation of suspected PD injury or stricture and PD stenting for treatment of PD leak; 19 (25.6%) had a temporary PD stent placed for prophylaxis; and 2 (3%) had failed PD cannulation due to severe duodenal inflammation. Those patients who did not undergo ERCP had no clinical suspicion for PD injury on MRCP.

For long-term nutritional support, 65 patients (60%) required enteral nutrition: five (8%) via nasojejunal feeding tube and 60 (92%) via a percutaneous gastrojejunostomy tube.

Clinical success was achieved in 103 of 105 patients (95%). POFCs were resolved in all 13 (100%) patients, PPs in all 42 (100%) patients, and WOPN in 48 of 52 (92%) patients ([Table 2](#t2-ce-2019-113){ref-type="table"}).

Finally, multivariate logistic regression analysis was performed to assess for independent predictors of PFC resolution within 60 or 90 days. After controlling for PD leak, PD stenting, enteral nutrition use, and PFC subtype, EUS-guided drainage remained a significant predictor of resolution of the PFC (odds ratio \[OR\], 21.9; 95% confidence interval \[CI\], 1.7--276.0; *p*=0.017). After adjusting for the presence of PD leak, PFC type, necrosectomy, and PD stenting, enteral feeding was 3.4 times (OR, 3.4; 95% CI, 1--10.9) more likely to achieve resolution within 60 days (*p*=0.0421).

After adjusting for presence of PD leak, PFC type, necrosectomy, and enteral feeding, PD stenting was almost five times (OR, 4.8; 95% CI, 1.5--12.2) more likely to achieve resolution within 90 days (*p*=0.0069).

Patients were followed for at least 6 months post-resolution (mean follow-up, 17.5 months). PFC recurrence occurred in 9 of 100 (9%) of patients in the follow-up period. Adverse events were seen in eight patients and included bleeding (*n*=6; four requiring percutaneous embolization, two managed endoscopically) and surgical intervention (*n*=2; one bowel necrosis, one entero-cutaneous fistula). Three patients died of multi-organ failure secondary to the underlying pancreatitis but unrelated to the procedures, while one other died of a bleeding pseudoaneurysm.

DISCUSSION
==========

Endoscopic cystenterotomy has become the preferred management method for PFCs. However, the overall success rate for PFC treatment varies in the literature from 82% to 100% of cases, with complications occurring in 5% to 16% and recurrence rates up to 19% \[[@b19-ce-2019-113]-[@b28-ce-2019-113]\]. This discrepancy in the literature is probably related to the absence of a dedicated algorithm addressing not only the PFC but evaluating PD injury and concurrent nutrition support. Here we evaluated our novel algorithm for necrotizing pancreatitis using early enteral nutrition for severe pancreatitis, endoscopic drainage of PP and WOPN with endoscopic necrosectomy as needed, and PD stenting in cases of suspected PD leak or injury.

Multiple endoscopic approaches have been created for draining PFCs. Transmural drainage is performed by accessing the collection by creating a tract through the gastric or duodenal wall and placing one or multiple stents. This procedure was traditionally performed using double-pigtail plastic stents; however, recently FCSEMS or novel lumen-apposing covered self-expandable metal stents have also been used with similar results \[[@b2-ce-2019-113]\]. Traditionally, PFCs were drained under endoscopic visualization of a visible indentation of the gastric or duodenal wall by the bulging PFC; however, it is estimated that in about 42% of cases, there is no bulging impression, which limits the efficacy and safety of this technique \[[@b29-ce-2019-113]\]. With the evolution and refinement of therapeutic EUS techniques, much higher success rates have been reported with EUS-guided drainage of PFC \[[@b27-ce-2019-113]-[@b29-ce-2019-113]\]. In our study, all patients underwent EUS-guided drainage with stent placement. A recent systematic review of 17 studies comparing the use of plastic and metal stents in transmural drainage found no significant difference in the drainage complication rates (16% \[95% CI, 14%--39%\] vs. 23% \[95% CI, 16%--33%\]) \[[@b30-ce-2019-113]\]. Furthermore, the rate of adverse events appears to be dependent on the type of collection drained, not the particular stent used, with a higher incidence of adverse events seen in WOPN \[[@b10-ce-2019-113],[@b18-ce-2019-113]\], which is also consistent with our findings in which 7 of 10 adverse events occurred in patients with WOPN.

In recent years, DEN has been used to treat these collections. Using EUS, the collection can be accessed through the gastric or duodenal wall using a tract. Subsequently, the tract is dilated to allow the debridement of necrotic tissues under direct endoscopy visualization. Debridement may be required every 48--72 hours until complete removal of all necrotic debris is achieved \[[@b31-ce-2019-113]-[@b33-ce-2019-113]\]. In our study, all patients with WOPN underwent a mean 4 (range, 1--16) DEN sessions, similar to those in other studies. In a multicenter study of 93 patients undergoing DEN, Seifert et al. showed 80% clinical success rate, with a 23% complication rate and 7.5% mortality rate \[[@b34-ce-2019-113]\]. With the development of LAMS, EUS-guided drainage of WOPN has been become even more streamlined. In 2015, a prospective multicenter study evaluated 46 patients with WOPN who underwent EUS-guided drainage with LAMS stents, showing a clinical success rate of 81% and an overall major complications rate of 9% due to infection from stent occlusion \[[@b35-ce-2019-113]\]. The safety and efficacy of these stents have been evaluated in other studies with similar conclusions \[[@b3-ce-2019-113]\].

PD disruption has been associated with an increased risk of PFC recurrence and a decreased rate of PFC resolution after drainage \[[@b3-ce-2019-113],[@b14-ce-2019-113]-[@b19-ce-2019-113]\]. Thus, evaluating PD for any disruption via MRCP or ERCP plays a crucial role in treatment success. In 2009, Nealon et al. demonstrated that PD disruption decreased the rate of spontaneous resolution of PPs (0%--5% compared with 87% in patients with a normal PD) \[[@b16-ce-2019-113]\]. They also showed that patients with necrotizing pancreatitis who had ductal changes were most likely to have immediate and delayed complications \[[@b16-ce-2019-113]\]. Furthermore, in 2010, Trevino et al. showed improved PFC resolution in patients who underwent PFC drainage with PD stenting (97.5%) compared to those who underwent PFC drainage alone (80%) \[[@b2-ce-2019-113],[@b17-ce-2019-113]\]. In our study, prior to PD exploration, all patients underwent MRCP. If there was clinical suspicion of a PD injury, they underwent ERCP for the evaluation of PD integrity. In addition, 53 (49%) underwent PD stent placement for therapy, 19 (17.6%) underwent prophylactic PD stent placement, and 2 (3%) experienced PD cannulation failure and were managed strictly with enteral feeding after PFC drainage.

Lastly, the use of early nutritional support has been an integral part in the management of necrotizing pancreatitis for almost two decades. In 2010, Al-Omran et al. published a meta-analysis comparing randomized trials of enteral nutrition vs. TPN in severe pancreatitis and showed that enteral feeding was associated with a significant reduction in mortality and systemic infections \[[@b23-ce-2019-113]\]. Therefore, enteral feeding has become the standard of care for nutritional support in patients with acute pancreatitis. In addition, the early initiation of enteral nutrition has been evaluated extensively in the treatment of PFCs with supporting results \[[@b3-ce-2019-113]\]. In 2013, Li et al. showed that patients who received early initiation of enteral nutrition (within 48 hours of admission) had significantly lower complication rates \[[@b21-ce-2019-113]\]. In our study, 65 patients (60%) with severe pancreatitis received enteral nutrition, of whom, 60 (92%) underwent percutaneous gastrojejunostomy placement.

Four patients with more severe disease and large infected fluid collections did not respond to this algorithm. This is probably related to their comorbidities (diabetes, obesity, cirrhosis) and late referral without appropriate aggressive early management, such as hydration and enteral nutrition.

In conclusion, endoscopic drainage has become the preferable approach for the management of these collections, with fewer adverse events, shorter hospital stays, and similar efficacy \[[@b10-ce-2019-113],[@b11-ce-2019-113]\]. The successful resolution of PFCs can be achieved within 2--3 months of intervention when a dedicated algorithm is adopted that includes EUS-guided cystogastrostomy, PD exploration with stenting, and early enteral feeding.
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###### 

Clinical Characteristics of Patients

  Characteristics                            Total (*n*=108)          *p*-values
  ------------------------------------------ ------------------------ ----------------------------
  Age (range, SD)                            51.8 yr (14--90, 16.3)   
  Gender, Male (%)                           67/108 (62%)             
  PFC groups (%)                                                      
   Poorly organized fluid collection         13/108 (12%)             
   Pancreatic pseudocyst                     43/108 (40%)             
   Walled-off pancreatic necrosis            52/108 (48%)             
  Etiology                                                            
   Autoimmune                                2/108                    
   Medication induced                        4/108                    
   Pancreas divisum                          6/108                    
   Alcohol induced pancreatitis              19/108                   
   Gallbladder stones induced pancreatitis   42/108                   
   Hereditary                                1/108                    
   Hypertriglyceridemia                      5/108                    
   Idiopathic                                5/108                    
   Post surgical                             13/108                   
   Post ERCP pancreatitis                    7/108                    
   Cancer related                            3/108                    
   Trauma                                    1/108                    
  Size of PFC pre-treatment                  9.2 cm (1.8--29.8)       *p*\<0.0001
  Size of PFC post treatment                 0.89 cm (0--10)          Mean decrease of --8.66 cm
  Recurrence rate (%)                        9/108 (8.3%)             
  Mortality rate (%)                         4/108 (3.7%)             
  Multiorgan failure                         3/4                      

ERCP, endoscopic retrograde cholangiopancreatography; PFC, pancreatic fluid collection; SD, standard deviation.

###### 

Clinical Characteristics Categorized by Type of Fluid Collection

  Type of fluid collection                          Poorly organized fluid collection   Pancreatic pseudocyst   Walled-off pancreatic necrosis
  ------------------------------------------------- ----------------------------------- ----------------------- --------------------------------
  Pancreatic duct leak present                      5 (38%)                             24 (56%)                31 (60%)
  Enteral feeding conducted                         6 (46%)                             14 (33%)                45 (86.5%)
  Pancreatic duct stenting done                     11 (85%)                            28 (65%)                35 (67%)
  Resolution rate                                   13 (100%)                           42 (100%)               48 (92%)
  Adverse events                                                                                                
   Pseudoaneurysm bleed                                                                 2 (5%)                  
   Bleeding needing IR embolization                                                                             
   Gastrointestinal bleed at cystgastrostomy site                                       1 (2%)                  3 (6%)
   Pancreatic fluid collection                                                                                  1 (2%)
   Enterocutaneous fistula                                                                                      1 (2%)
   Stent migration                                                                                              1 (2%)
   Bowel perforation                                                                                            1 (2%)

IR, interventional radiology.
